Substance abuse in young adults is a public health issue with costs to the individual and society. There is mounting evidence that the increased uses of mHealth approaches have promise as a way to facilitate reductions in substance use. This systematic review evaluated the recent body of research on mHealth-based interventions for substance use, with aims of (a) examining the functionality and effectiveness of these interventions, (b) evaluating the available research on the effectiveness of these interventions for substance use, and (c) evaluating the design, methodology, results, theoretical grounding, limitations, and implications of each study. We identified eligible studies by searching electronic databases using Boolean methods. The reviewed studies (N = 12) indicated that that a wide range of Internet-based, text messaging, and smartphone application interventions have been developed to address substance use. Interventions had an assortment of features; participants in each study highlighted the ease and convenience of the interventions; and the majority of studies provided support for the efficacy of mHealth in reducing substance use. Mobile technology is a promising tool for reducing substance use and warrants further development. Future practice including the use of mHealth interventions can be an integral part of reducing substance use.
Substance abuse and its related consequences are a major public health problem for young adults impacting individuals, families, communities and society as a whole (Shillington, Woodruff, Clapp, Reed, & Lemus, 2012) . Substance use contributes to morbidity and mortality among youths and young adults with significant consequences including criminality, sexually transmitted diseases (STDs), HIV, academic failure, and violence (National Center for Health Statistics, 2014) . Results of the 2014 National Survey on Drug Use and Health (NSDUH) demonstrated that the prevalence of substance use among young adults was 22% among those transitioning into young adulthood (18-25 years) (Center for Behavioral Health Statistics and Quality [CBHSQ], 2015) . Alcohol is the most commonly used substance, with one out of three young adults reporting binge drinking (CBHSQ, 2015) . Binge drinking is associated with substantial negative consequences including annual rates of 646,000 physical assaults, 97,000 sexual assaults, 599,000 unintentional injuries, and 1,825 deaths (NCHS, 2014; White et al., 2015) . Excessive alcohol use is one of the greatest societal, medical burdens with an annual cost exceeding $250 billion per year, (Sacks, Gonzales, Bouchery, Tomedi, & Brewer, 2015) . Next to alcohol, marijuana is the second most used substance and is also often found in victims of fatal automobile accidents, highlighting the potential negative consequences of the drug (National Institute on Drug Abuse [NIDA], 2016a). Additionally, among first-time substance users, about 25% use nonmedical psychotherapeutics, 6.3% use inhalants, and 2% use hallucinogens (NIDA, 2016b) .
In the United States, 91% of adults use a mobile phone with over 50% owning smartphones (Milward, Day, Wadsworth, Strang, & Lynskey, 2015; Smith, 2015) . Those in "Generation Z" who have extensive access to digital technology view communication using this technology (e.g., text messaging, online chat and email, cell phone app) as natural, comfortable, and essential to social environments (Issa & Isaias, 2016; Ozkan & Solmaz, 2015; Turner, 2015) . Further, technologies such as mobile apps, text messaging and online chat increase receptivity to new information and verbalization in this age group (O'Keeffe & Clarke-Pearson, 2011; Ozkan & Solmaz, 2015) . Young adults are "digital natives," comfortable with using mobile technology every day to communicate private information (O'Keefe & Clarke-Pearson, 2011; Shrier, Rhoads, Burke, Walls, & Blood, 2014) . Mobile phone users exchange ideas, personal news, and photographs while also communicating with friends, family, and others who have similar interests (O'Keeffe & Clarke-Pearson, 2011) . Mobile technology has evolved since the 90s to the current era of the smartphone.
Smartphones are used for communicating, posting photos, entertainment, event planning, sending and receiving messages, meeting people, downloading applications and obtaining information (Bernhardt et al., 2009; Ozkan & Solmaz, 2015) . Short messaging service (or SMS, also referred to as text messaging) is a widely popular wireless service now used by the general public for pleasure, safety, and economics. Text messaging remains one of the most vital features of mobile phone users and is a vital source of communication for the public. Text messaging among Americans is now more widely used than phone calls (Cingel & Sundar, 2012) , and in 2009, over one trillion text messages were received and transmitted in the United States. (see Cingel & Sundar, 2012) . The overwhelming evidence that mobile technology is a preferred mode of communication in today's society has resulted in its use as a strategy for intervention for high-risk health behaviors (Cohn, Hunter-Reel, Hagman, & Mitchell, 2011; Underwood, Rosen, More, Ehrenreich, & Gentsch, 2012) .
mHealth is a general term that stands for "mobile health" and describes the use of wireless technology in the delivery of medical care (Fjeldsoe, Marshall, & Miller, 2009; Patrick, Griswold, Raab, & Intille, 2008) . mHealth interventions provide behavioral support through a variety of features including delivering educational information supportive, and positive text messages and goal selection. The content of the mobile features is tailored to specific populations, and the intervention may be delivered in conjunction with other therapies. mHealth interventions have been proven as evidence-based methods for concentrating on health treatments (Bock et al., 2015; Mason, Benotsch, Way, Kim, & Snipes, 2014) and have been used successfully for clinical assessment and education in medicine and public health (Christie, Dagfinrud, Dale, Schulz, & Hagen, 2014; Cooray, Matusevicius, Wahlgren, & Ahmed, 2015) . Metaanalysis studies of mHealth clinical interventions for smoking cessation, weight loss, and diabetes control demonstrate these interventions are both cost effective and beneficial (Bakken et al., 2014; Gerber, Stolley, Thompson, Sharp, & Fitzgibbon, 2009; Pal et al., 2014; Riley, Obermayer, & Jean-Mary, 2008; Whittaker et al., 2012; Wieland et al., 2012) . Results from these studies indicate that mHealth interventions are becoming increasingly popular in a variety of health settings across diverse cultures (Buhi et al., 2013) . Limited research, however, has evaluated the application of mHealth to address substance use issues in adults (Bernhardt et al., 2009; Kazemi, Cochran, Kelly, Cornelius, & Belk, 2014; Kuntsche & Robert, 2009) .
To date, researchers have primarily examined electronicbased interventions that utilize computer screenings and handheld devices for the intervention sessions (Bingham et al., 2010) . For example, meta-analysis studies on alcohol use prevention over the past two decades focused solely on the use of technology-based interventions (TBI) web, handheld devices, and internet (Bewick et al., 2008; Donoghue, Patton, Phillips, Deluca, & Drummond, 2014; Elliott, Carey, & Bolles, 2008; Hester & Miller, 2006) . Two recent reviews have evaluated the commercial applications available for substance intervention using smartphones via Apple's App Store and Google Play (Cohn et al., 2011; Savic, Best, Rodda, & Lubman, 2013) . Common features of these apps included motivational and educational material, support tools, and instruments for monitoring and tracking alcohol use (Cohn et al., 2011; Savic et al., 2013) . However, there is limited empirical evidence of the effectiveness of mHealth technology for substance use prevention (Cohn et al., 2011; Litvin, Abrantes, & Brown, 2013; Quanbeck, Chih, Isham, Johnson, & Gustafson, 2014; Savic et al., 2013) . One review by Quanbeck et al. (2014) examined mobile applications for patients with Alcohol Use Disorder (AUD). The findings suggest that popular, text-based interventions may be inadequate for AUD recovery management. The review also highlighted the lack of studies which rigorously evaluate the feasibility of mHealth interventions, perhaps due to challenges including keeping up with technology advances, limitations in feature effects, and cost barriers (Quanbeck et al., 2014) .
To address this gap, the purpose of this review is to provide a systematic critique of peer-reviewed research that identified mHealth intervention focused on substance use prevention. Specifically, the review presents the design, methods of mobile intervention, outcomes, strengths, and limitations of studies that were examined. This review seeks to address the following topics: (a) the current state of rigorous peer-reviewed original research designed with mHealth interventions for substance use; (b) the efficacy of mHealth interventions in reducing substance use; and (c) promising directions for future research and evidence-based professional practices in the use of mHealth interventions for substance use. This review is intended to contribute to the evidencebased literature and to inform health professionals on the feasibility and efficacy of mHealth interventions for reducing substance use.
Method

Search Strategy
We conducted a search of the mobile intervention literature using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff, & Altman, 2009) . Boolean searching methods were used for the literature review. Boolean concepts use AND, OR, NOT combinations when searching key terms (Goodwin & Johnson-Laird, 2013) . The databases were searched simultaneously. Keywords used were variations of mobile interventions (SMS, text message, cell phone, mobile phone, telephone, mHealth), and substance use (alcohol, marijuana, substance use disorder). When the OR combination was used, either or term was featured in the search, but not necessarily both terms. The first search terms used were "mobile" OR "phone" OR "texting" OR "SMS." When two words or more were used with AND combination, all words were featured in the search. For example, we combined the original terms with the search terms: "mobile" OR "telephone" OR "texting" OR "messaging" OR "SMS" OR "cell" OR "smartphone" AND "treatment" OR "intervention" OR "behavioral intervention" OR "mHealth" AND "alcohol" OR "substances" OR "drug abuse" OR "addiction" OR "marijuana." Finally, a search using the NOT combination resulted in the exclusion of web pages with the term featured in the article.
We used the following databases to index articles: PubMed, Wiley, Science Direct, Web of Science, Cochrane, Medline, SAGE, CINAHL, PsychINFO, PsychARTICLES, and ERIC.
We also performed technical reports and manual searches of the reference sections in the resulting articles. The inclusion criteria for the articles included: (a) peer-reviewed original research, (b) published from 2005 to 2015 and in English, and (c) interventions used mobile communication (mHealth) and addressed substance use. Studies were eligible if they included adolescents or adults who reported using substances, had an intervention component and outcome measure. We excluded studies that assessed computer web-based interventions, used exclusively for electronic screening. Because the use of smartphones has seen dramatic growth in the past 10 years (Smith, 2015) , we began our search in January 2005. Grey literature found in the search including book chapters, letters to the editor, and commentaries were excluded (Alberani, De Castro Pietrangeli, & Mazza, 1990) .
Data Extraction and Analysis
For each of the final articles, data were extracted on the sample, design, intervention, results, and outcomes (see Table 1 ). Specifically, we examined data related to the research topics including design (e.g., randomized, single-blinded), clinical outcomes (e.g., drinks per drinking day, number of heavy drinking days), features of the mHealth intervention (e.g., app, SMS text based, real time, GPS content), and key finding and limitations of using mHealth interventions. A meta-analysis was not appropriate for the following reasons: (a) study populations for the studies are so different, including young college students and ED discharges; (b) not all the studies are randomized; (c) even among those randomized studies, primary outcomes are very different; and (d) statistical methods used to analyzed the data are also different.
Results
The initial electronic search resulted in 89,755 citations (see Figure 1 ). After we had removed duplicates, 18,540 citations remained. The research team then screened through the articles looking for inclusion criteria and eligible titles. A total of 274 abstracts were eligible to be screened. Three researchers then screened each abstract for relevance to the inclusion criteria. Out of 274 articles, 252 were found ineligible since they did not meet the inclusion criteria, leaving twenty-two full-text articles eligible for assessment. We excluded studies that used mobile technology only to assess substance use, rather than attempt to intervene (e.g., Kuntsche & Robert, 2009; Witkiewitz et al., 2014) . Three researchers independently reviewed the final 22 articles. The researchers evaluated the studies and reached consensus on inclusion for the analysis. Using the Cochrane's approach the bias of risk assessment was conducted by the three independent reviewers until consensus was reached (Higgins & Green, 2008) .
Interrater reliability between them for yes/no inclusion decision was 0.90, indicating strong agreement (Landis & Koch, 1977) . Discrepancies in the selection of articles for review were discussed until consensus was reached. Ten articles were removed from the final selection for the following reasons, no interventions (screened/assessed substance use only) (n = 7), practitioner assessment tool (n = 1), and no use data provided (n = 2). Each researcher independently analyzed these articles reaching an agreement to include twelve final articles to code and analyze (n = 12).
Overview of Major Findings
This large degree of heterogeneity among the 12 studies precluded a formal meta-analysis. Instead, we provided a comprehensive summary and critique of the studies that included participants, design, intervention, theoretical constructs, major findings, strengths and limitations (see Table 1 ). Bias in five sources: selection, performance, detection, attribution, and reporting was examined using Cochrane's approach (Higgins & Green, 2008) . We emphasized more on random number generation, allocation, and reporting to obtain our conclusion of low risk of bias in most of the studies.
Participants
The studies' participants varied across studies, to include adults with an alcohol disorder, college students experiencing problematic drinking, youth transitioning out of community-based substance abuse treatment programs, and individuals with psychotic disorders. The participants ranged from school-aged children 12-45 years, with the majority of participants between 18 and 25 years. The participants represented both genders were mostly European Americans with other races/ethnicities represented including African-Americans, Hispanic, Asian Pacific and Native American. A range of substances was used by the participants in the studies, but by far the most frequently reported substances were alcohol and marijuana.
Study Designs
Nine of the twelve studies were randomized trials. Two of the nonrandomized studies used a single group, pre-postdesign (Haug et al., 2013; Shrier et al., 2014) and the third nonrandomized study used block/sequential assignment (Lucht et al., 2014) . Most of the studies did not blind interventions to participants and researchers; no significant difference in dropout rates was reported in different intervention groups. No obvious selective reporting was observed. Overall, most of the studies reviewed are believed to bare a low risk of bias.
Interventions mHealth interventions were delivered in a variety of formats: web-based, text messaging, SMS, or smartphone applications (app). Some interventions were provided as stand-alone (Agyapong, Ahern, McLoughlin, & Farren, 2012) , while others were delivered in combination. For example, combined interventions included both an app and web-based components while others were only text based (Gajecki, Berman, Sinadinovic, Rosendahl, & Andersson, 2014; Gonzalez & Dulin, 2015; Haug et al., 2013; Weitzel, Bernhardt, Usdan, Mays, & Glanz, 2007) .
The length of the interventions varied considerably, ranging from 2 weeks (Weitzel et al., 2007) to 3 months (e.g., Suffoletto et al., 2014) to 8 months . Also, several mHealth interventions were used as a supplement to in-person treatment protocols. For example, to supplement youths transitioning out of residential treatment or emergency departments (Gonzales, Ang, Murphy, Glik, & Anglin, 2014 Lucht et al., 2014; Shrier et al., 2014; Suffoletto et al., 2014) . Ten out of the twelve studies used text messaging-based interventions (Agyapong et al., 2012; Gajecki et al., 2014; Gonzales et al., 2014; Haug et al., 2013 Haug et al., , 2015 Lucht et al., 2014; Shrier et al., 2014; Suffoletto, Callaway, Kristan, Kraemer, & Clark, 2012; Suffoletto et al., 2014; Weitzel et al., 2007) . Five of those ten studies used one-way communication, in which the participant was not able to respond with current use or questions (Agyapong et al., 2012; Haug et al., 2013; Gajecki et al., 2014; Gonzalez & Dulin, 2015; Weitzel et al., 2007) , whereas the other five permitted participants to respond to texts and received feedback (Haug et al., 2015; Lucht et al., 2014; Shrier et al., 2014; Suffoletto et al., 2012 Suffoletto et al., , 2014 , often tailored to the content of the response. Three studies Haug et al., 2015; Lucht et al., 2014) had therapist contact facilitated by high-risk responses to responses provided by the participants.
In the studies where the researchers used text messagingbased interventions as the main mHealth intervention, two did provide participants with phone calls from counselors in the event of any reported need for increased support or assistance (Huag et al., 2015; Lucht et al., 2014) . In contrast, Shrier et al. (2014) provided two Motivational Enhancement Therapy (MET) sessions prior to participants completing mobile-based daily self-monitoring and receiving supportive feedback text messages. The text messaging consisted primarily of communication providing daily recovery and wellness help, social support resources, positive feedbacks, checks on medical adherence and clinical status and coping strategies to decrease use of substances.
Regarding dosage, participants in the study ranged from once or more a day (Agyapong et al., 2012; Gonzales et al., 2014; Shrier et al., 2014) to twice a week (Haug et al., 2015; Lucht et al., 2014; Suffoletto et al., 2014) to weekly or less (Haug et al., 2013; Suffoletto et al., 2012) . The remaining interventions permitted the participants to access at their own pace. One study found that intervention access was highest in the first week of intervention and then tapered off significantly (Gonzalez & Dulin, 2015) ; another study found that the app was used on about 40% of days .
The structure and format of the mHealth interventions also varied widely. For example, Shrier et al. (2014) studied the effect of MOMENT intervention on youth who used marijuana frequently. Study duration was 17 weeks and included three study phases (baseline, intervention, and follow-up), six study visits and three periods of mobile momentary reports and daily diaries. In contrast, four studies featured smartphone and webbased applications (Gajecki et al., 2014; Gonzalez et al., 2015; Gustafson et al., 2014; Haug et al., 2015) . Gajecki et al. (2014) compared three groups: Promillekoll (smartphone-based app), Gonzalez and Dulin (2015) also used a smartphone app and Internet-based interventions. Two parallel intervention groups received baseline assessment plus a six-week follow-up either as a smartphone LocationBased Monitoring and Intervention for Alcohol (LBMI-A) group or as an Internet-based Drinker's Check-up (DCU) supplemented by bibliotherapy (bib) group. The LBMI-A group participated in seven psychoeducation modules related to highrisk drinking behaviors. Alternatively, the DCU +bib group completed a brief motivational intervention that lasted 1 hour each week for the six-week period (Gonzalez & Dulin, 2015) . Also, the participants rated the smartphone app higher on ease of use compared to the internet-based intervention +bib (score 4.0 vs. 3.2). Because this was a pilot study, further replication of these findings is recommended to strengthen the argument of the effectiveness of smartphone app interventions in decreasing problematic alcohol use.
Theoretical Constructs
The interventions used in studies were based on diverse theoretical frameworks and included Theory of Planned Behavior (TPD), Social Cognitive Theory (SCT), SelfDetermination Theory, Motivational Enhancement Therapy, Elaboration Likelihood Model (ELM), behavioral self-control and social support, and Dialectical Behavioral Therapy (DBT). Gajecki et al. (2014) delivered text messages formulated from Ajzen's Theory of Planned Behavior (TPB), which states that an individual's intentions determine action (Ajzen, 1985) . Similarly Gustafson et al. (2014) developed A-CHESS based on the Self-Determination Theory focusing on enhancing the individual's perceptions of competence by promoting intrinsic motivation. Informational texts were designed to deliver both behavioral and cognitive strategies. In contrast, Gonzales et al. (2014) delivered texts based on SCT, which highlights the importance of the interaction between personal factors and environmental influences on behavior (Bandura, 1986) . In this study, texts had messages to support behavioral change within the context of the individual's phenomenal and personal experiences. The texts provided monitoring, daily wellness recovery support, weekend social support resources, and motivational messages designed to encourage behavioral change. Similarly, Shrier et al. (2014) used a motivational enhancement therapy approach using messages tailored to enhance behavioral change. Finally, Haug et al. (2013) designed messages based on the ELM which posits that individuals' level of cognition determines their ability to process persuasive messages.
Major Findings
All 12 studies indicated feasibility/accessibility of the interventions, except Suffoletto et al. (2012) mentioned a relatively high "not responding" rate at 11th week (20%). Overall, participants found the messages motivating and interesting, and there were no obvious iatrogenic effects of aspects that the participants disliked. Instead, it appears that mHealth interventions are used less and less as time passes unless there is regular contact and prompts with the participant, if the information is static, or relies on the participants' initiative to access, use declines within a week or two (e.g., Gonazales et al., 2015) .
In terms of efficacy, mixed results were reported. Although various primary outcomes were studied, most of these papers got at least partial positives results. In some studies, even though significant difference between groups/before-after interventions was not observed in all variables, evidence of efficiency was found in some alcohol-related outcomes. Weitzel et al. (2007) reported fewer drinks per drinking day in the intervention group (handheld computer+messaging); however, no other group difference on alcohol variables was observed. Suffoletto et al. (2012) found that participants in the intervention group had significant greater change in number of heavy drinking days (HDDs) and number of drinks per drinking day (DPDD). Haug et al. (2013) conducted a single group study and found significant decrease from baseline to follow-up on risky single-occasion drinking (RSOD). Suffoletto et al. (2014) observed decreased number of binge drinking days from baseline to 3 months in the group of participants receiving SMS assessment and feedback (SA+F). The number of binge drinking days in the SMS assessment only (SA) group increased significantly. The number of drinks per drinking day decreased in the SA+F group and increased in the control group, significantly. In Gonzales et al. (2014) a study about the efficacy of mobile-based aftercare intervention on substance use, youth who participated in the texting mobile pilot intervention were significantly less likely to relapse to their primary compared to the aftercare as usual control condition (OR = 0.52, p = .002) over time (from baseline throughout the 12-week aftercare pilot program to a 90-day follow-up). Participants in the texting aftercare pilot program also reported significantly less substance use problem severity and were more likely to participate in extracurricular recovery behaviors compared to participants in the standard aftercare group. A study on ACHESS reported lower risky drinking days (t = 2.28, p = .023) and greater abstinence rates in past 30 days (p = .032) in the intervention group. No significant between group difference was found for primary alcohol variables by Lucht et al. (2014) . However, the intervention group reported more inpatient detox days, psychiatric hospital days and abstinence clinic days than the control group. Likewise, male participants in the Promillekoll group increased the frequency of their drinking although they did not consume more alcohol compared to the control (Gajecki et al., 2014) . Shrier et al. (2014) investigated the effect of Momentary SelfMonitoring and Feedback + Motivational Enhancement (MOMENT) on marijuana use. No statistically significant reductions were observed in PDA and POSIT scores from baseline to 3-month follow-up. But desire to use during a top-3 trigger exposure decreased significantly. Gonzalez and Dulin (2015) found that percent of days abstinent (PDA) significantly differed in change over the course of study. The LBMI-A group experienced an increase in PDA over the course of the study. The DCU+bid group did not experience significant change drinks per week (DPW) with decreases over time for both groups. However, Agyapong et al. (2012) observed no significant group differences in Cumulative Abstinence Duration (CAD) (p value = 0.08) and Haug et al. (2015) did not find significant group difference either. Gajecki et al. (2014) even found that Promillekoll (smartphone app) showed a negative effect on men. Greater HED per week than control at 7-week assessment was observed. Same results for the other intervention in the study, Party Planner, with no significant difference from control in drinking variables.
Follow-up Periods
The majority of the studies (9/12) incorporated a pre/postdesign, which conducted assessments at the conclusion of the intervention. The remaining three studies had a wide range of follow-up periods, ranging from two weeks (Shrier et al., 2014) to three (Gonzales et al., 2014) to 4 months .
Limitations
The authors of the reviewed studies identified several overarching limitations of their own work, including small sample sizes and more comparison groups with lower attrition rates are needed to further assess the impacts of specific mHealth features. Authors also acknowledged a lack of long-term followups with which to examine whether any reductions in substance use were maintained. Furthermore, the features of many mHealth interventions were in early stage of development, and many of the earlier ones are likely outdated or incompatible with current technology.
Discussion
mHealth interventions have shown promise as a viable resource in the prevention, treatment, and aftercare of substance use (Gonzales et al., 2014; Haug et al., 2013; Lucht et al., 2014) . Mobile technology is currently the most accepted and effective communication mode of connecting with both youth and adult populations, highlighting its utility as an effective intervention for high-risk behaviors including substance use. Phones with at least SMS capabilities appear to be ubiquitous; in the current review, very few participants (typically 1-3%) screened were not able to participate due to not having a phone, an event that was increasingly rare in the more recent studies. However, the saturation of our society with mobile technology poses a significant challenge for rigorous scientific investigations of mHealth to keep up with the ever-changing technology in this age (Rizvi, Dimeff, Skutch, Carroll, & Linehan, 2011) . We also discuss other challenges indicated by the reviewed research.
Adaptation of mHealth Intervention to Recipient Needs
In addition to group differences, future investigations may focus on individual differences and needs. The participants ranged from light to moderate alcohol use (e.g., Haug et al., 2013; Suffoletto et al., 2012) to adults leaving inpatient treatment for alcohol use (e.g., Agyapong et al., 2012) . Future research can examine how mHealth interventions can best be adapted to match the severity of the recipient. For example, brief intervention may be most appropriate with light drinkers as a preventative effort. Haug et al. (2013) had a targeted intervention that was designed for three risk levels, for example, high, low and nonrisk groups. Since there was evidence that this approach was effective, it would be efficacious to continue exploring interventions based on the degree of risk. In contrast, more in-depth automated interventions may be required to help participants exhibiting more severe alcohol use (Gajecki et al., 2014) .
Additionally, gender differences deserve further examination, as negative and positive effects of the interventions can have different implications between genders. Similarly, the use of more diverse samples (e.g., high school and college students, young adults, and older adults) should be included in future approaches to increase knowledge of potential differences in age and environment. Understanding these differences can help create more effective interventions based on specific group needs. For instance, early intervention for substance use is critical for high school students to prevent the further risky behavior. Also, use of alcohol on college campuses may vary by season or event, which may impact the effectiveness of the intervention. Further, results of this systematic review indicated that eBAC calculations had an adverse effect on college students' alcohol consumption, suggesting that it may be important to identify factors that may have a positive effect on college students' alcohol consumption and tailor apps to include those factors (Gajecki et al., 2014) .
Enhancing Use of Mobile Interventions
Another limitation noted in the reviewed articles related to attrition. Attrition rates were high in several studies between baseline and follow-ups, and there tended to be a pattern of high rates of initial use followed by decreases in participant engagement with the mobile intervention. Another limitation among the studies was the nonresponse to text which may in part be attributed to the depersonalized messages (Haug et al., 2013; Suffoletto et al., 2012) This attrition and lack of response to prompts are of particular concern as 9 of 12 studies had relatively brief intervention periods ranging from 2 weeks to 3 months. Few studies have evaluated whether intervention effects last after the end of the intervention, and/or whether participants continue to use texts once the intervention period ends.
Therefore, a clear gap exists in the literature with a need for longer follow-up to examine the mHealth intervention effect on substance use behavior, refining study procedures to identify and address barriers to engagement and use of mobile interventions.
It may be valuable to increase the frequency and personal relevance of contact. The provision of didactic information was not utilized by the study participants whether it was a booklet (Suffoletto et al., 2012) , online bibliotherapy (Gonzalez & Dulin, 2015) or web content . One recommendation to address retention barriers is to increase response rates to text messages and continue to explore varying designs to address a wide range of potential dual diagnoses and substances (Gonzales et al., 2014; Shrier et al., 2014) . Differing feature designs would allow targeted effects based on individual needs. Another important issue is the degree to which mobile intervention can facilitate lasting changes in behavior; many of the studies conducted the intervention until the final follow-up, resulting in a lack of a no-treatment (or "wash-out") period during which the participant did not have access to the mobile intervention. As a result, it is difficult to determine whether observed changes in behavior persist or dissipate once access to the mobile intervention is removed.
The current systemic review highlighted the strengths and limitations of the few studies that have examined the effectiveness of mHealth interventions with substance use. For example, although mHealth interventions can reach a large number of individuals and promote self-regulation, there is a need for larger sample sizes and longitudinal studies in future investigations of mHealth interventions for substance use, as larger sample sizes would help increase generalizability, and longitudinal studies would help researchers understand the long-term effects of the interventions. Also, a majority of the researchers utilized selfreport data to obtain their results, which may have impacted the accuracy of the reported effectiveness of the interventions due to potential socially desirable responding of participants. Therefore, future research using collateral informants or drug screens would enhance confidence in the observed outcomes.
Conclusions
The current review supports the mounting evidence that mHealth technology is a promising means to address substance use and warrants further development and study. In person interventions, while effective at reducing substance use, are simply unable to reach a vast number of people that technology-based interventions can reach (Milward et al., 2015) . mHealth interventions have been shown to reduce substance use among vulnerable individuals when they are applied in real-life, real-time contexts. Given the familiarity and comfort that young adults have with mobile phones and their willingness to adopt new trends, we see an exciting opportunity to use mHealth interventions to reduce substance use either by themselves or through enhancing traditional intervention techniques by increasing access to real-life contexts within one's natural environments.
